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SUMMARY 


Fatigue  load  meter  records  covering  4315  hours  flying  by  37  Lightning 
FAW  Mks.1  or  1A  aircraft  in  R.A.F.  Squadron  use  up  to  February,  1962  have  been 
analysed  and  load  spectra  have  been  drawn  for  six  different  types  of  flying 
and  for  all  the  flying  combined.  Comparison  is  made  with  the  load  spectrum 
from  which  the  loading  applied  in  a  fatigue  test  on  the  wing  was  derived. 
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1  INTRODUCTION 

Fatigue  load  meter  records  for  Lightning  FAW  I&s.1  and  1A  aircraft  in 
R.A.F.  Squadron  use  were  examined  to  ascertain  the  frequencies  of  acceleration 
occurring  in  various  types  of  flying  and  to  enable  an  overall  comparison  to  be 
made  with  the  loading  data  adopted  in  1  959  for  fatigue  tests  of  the  wing 
structure . 

The  records  available,  which  were  lent  to  the  R.A.E.  by  the  Mr  Ministry, 
covered  the  aircraft  of  three  squadrons  up  to  February,  1 962.  Recording  began 
in  No.  56  Squadron  in  Jemuary,  1961,  in  No.  Jh-  Squadron  in  August,  I960  and  in 
No.  Ill  Squadron  in  April,  1961.  Thirty-seven  aircraft  were  involved  and  the 
usable  records  covered  a  total  of  4315  hours  flying. 

V/ith  very  few  exceptions  the  fatigue  meter  had  been  read  after  each 
flight  and,  by  analysis  of  the  records,  it  was  possible  to  obtain  a  load 
spectrum  for  each  type  of  flying  in  addition  to  an  overall  average  load  spectrum. 
Two  types  of  fatigue  meter  were  used,  the  l^pe  2D  with  six  acceleration  levels 
and  the  lype  14  with  eight.  It  was  assumed  that  the  Lightning  Hks.1  and  1A 
had  the  same  flying  characteristics  and,  therefore,  that  the  results  from  each 
could  be  combined  in  the  aneilysis. 

2  /NMYSIS  OF  RECORDS 

The  fatigue  meter  records  give  the  duration  of  each  flight,  the  type  of 
flying  or  duty  carried  out,  the  fatiinie  meter  readings  and  certain  other 
information  not  of  interest  for  the  present  Note.  Examination  of  the  records 
showed  that  the  flying  could  be  divided  into  the  following  categories  and  the 
records  were  analysed  to  obtain  the  hours  flown  and  the  fatigue  meter  counts 
at  the  various  'g'  levels  in  each  category. 
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CateKorv 

Remarks 

1 

P.I's 

Practice  interceptions,  including  scramble  and 
cine  camera  exercises. 

2 

Radex 

Radar  exercises.  It  was  subsequently  ascortainc 
that  this  type  of  sortie  could  be  taken  as  being 
tho  same  as  a  practice  interception. 

3 

Navox 

Navigation  exercises  with  which  have  boon 
included  transit,  ferry,  practice  diversion, 
roconnaissance  and  cross  country  flights. 

4 

Instrument  approach 

This  includes  GCA,  ILS,  TACAN,  practice  PAN 
(short  for  "panic")  and  let-downs. 

5 

Local 

Local  flying,  not  more  explicitly  defined;  the 
wount  is  very  small. 

6 

Target 

One  aircraft  acting  througaout  the  flight  as  a 
target  for  others. 

y.  5 
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Category 


Remarks 


7  Initial 

f amiliarisat ion 

8  /dr  test 

9  Convex 

1 0  Handling 

1 1  Fonnaticn 

12  /dsros. 


This  covers  a  limited  amount  of  flying  by  the 
first  squadron  to  receive  the  Lightning. 

A  flight  test  by  the  R.A.P.  after  maintenance 
or  modification  of  the  aircraft.  Pre-delivery 
flight  testing  is  not  included  since  the  records 
were  not  immediately  available. 

Conversion  exercises  and  familiarisation  other 
than  that  included  in  Category  7. 

Ceneral  flying  on  no  particular  defined  duty. 

/dl  formation  flying,  including  fly-pasts  and 
displays. 

Ajerobatics  and  individual  demonstrations. 


13  Chase  and  gunfiring  Very  small  amounts  of  somewhat  similar  flying  in 

each  of  these  duties  hp.ve  been  combined. 


The  amount  of  flying  in  each  category  in  hours  and  as  a  percentage  of  the 
whole  is  shown  in  Table  1  for  each  squadron  and  for  all  three  squadrons  combined. 
The  total  counts  for  each  type  of  fatigue  meter  in  each  category  of  flying  are 
given  in  Table  2;  these  totals  were  obtained  by  adding  the  counts  for  all  the 
aircraft  in  the  three  squadrons  for  the  appropriate  meter  and  category  of 
flying.  Rather  more  than  half  the  total  flying  was  recorded  by  the  l^pe  2D 
meter.  This  flying  occurred  early  in  the  period  under  review  since  the  Type  2D 
meter  was  fitted  first  and  was  replaced  by  the  Tyj>e  meter  when  supplies  of 
the  latter  became  available. 


The  basis  chosen  for  comparing  various  types  of  flying  was  tho  fatlguo 
damage  rate  for  tho  most  critical  peurt  of  the  wing  structure  as  determined  in 
the  fatigue  tost.  The  damage  rate  would  normally  have  been  obtained  troa 
calculations  based  on  the  load  spectrum  and  on  stress-endurance  information  for 
the  appropriate  flight  conditions  but  it  was  considered  that,  for  the  oon^arlson 
required,  sufficient  accuracy  would  be  obtained  by  use  of  the  fatigue  meter 
formulae.  These  formulae  ore  provided  by  the  aircraft  manufacturer  to  enable 
the  Service  to  ascertain  from  the  meter  readings  the  percentage  of  wing 
fatigue  life  used.  Separate  formulae  are  given  for  each  type  of  meter  and  for 
different  aircraft  flying  weights.  These  formulae,  therefore,  give  a  measure 
of  the  fatigue  damage  done  and  can  be  used  to  show  the  relative  damage  caused 
by  the  different  typos  of  flying. 

For  this  analysis  the  formulae  appropriate  to  a  mean  aircraft  weight  of 
31  >000  lb  have  been  used  for  both  Type  2D  and  Type  meters,  (see  /ippendlz  l). 
The  relative  damage  rates  obtained  from  these  formulae  are  given  in  columns  2 
and  3  in  Table  3  Tor  each  type  of  flying.  The  two  values  were  then  oosd>ined 
in  proportion  to  the  amount  of  flying  covered  by  each  type  of  meter  and  the 
overall  values  are  given  iu  oolumn  U-.  These  values  show  broad  similarities 
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of  damage  for  some  categories  of  flying  and  in  order  to  simplify  the  analysis 
these  have  been  combined  in  columns  5»  6  and  7  to  give  damage  rates  for  six 
main  groups  of  flying  duties.  Lastly  in  column  8  the  overall  relative  damage 
rates  h?ive  been  reduced  to  equivalent  damage  rates  by  assuming  a  drmage  rate 
of  unity  for  the  group  with  the  greatest  number  of  flying  hours.  The 
percentage  of  flying  time  in  each  group  is  given  in  column  9. 

3  LOy^D  SPECTRA 


For  the  six  groups  of  flying  referred  to  above,  the  acceleration 
frequencies  in  counts  per  hour  were  calculated  from  the  data  in  Table  2.  Those 
frequencies  are  given  in  Table  4  and  are  shown  plotted  in  Figs.1  to  3  which 
give  curves  representing  the  combined  results  derived  from  the  two  types  of 
fatigue  meter.  It  will  be  noted  that  four  g  levels  are  common  to  both  motors 
and  for  these  the  combined  frequencies  can  be  calculated;  for  other  g  levels 
the  approximate  combined  frequencies  wore  estimated  and  the  values  given  in 
brackets  in  Table  4  were  road  from  the  resulting  curves.  The  mean  frequencies 
for  all  the  flying  combined,  which  are  given  at  the  bottom  of  Tabic  4  and  shown 
plotted  in  Fig.4,  were  obtained  by  combining  the  moan  frequencies  for  each 
group  in  proportion  to  the  amount  of  flying  done. 

It  should  be  noted  that  the  load  spectra  for  aerobatics  and  for  chaso 
and  gunfiring  (Fig. 3)  ore  based  on  relatively  small  amounts  of  flying  and 
might  possibly  be  altered  when  more  records  are  available. 

4  DISCUSSICT<  OP  RESULTS 

The  various  groups  of  flying  can  bo  conpared  directly  by  moans  of  the 
equivalent  damage  factors  given  in  column  (8)  of  Table  3»  the  factor  for 
all  the  flying  combined  being  2.51.  These  factors  show  that  some  types  of 
flying  can  be  very  severe  ftrom  fatigue  aspects;  for  exomplo,  one  hour's 
flying  on  individual  aerobatics  gives  the  same  expenditure  of  fatigue  life  as 
29.3  hours  flying  on  practice  interceptions  or  similar  duties.  Formation 
flying  has  a  particularly  important  influence  on  life  usage  because  not  only 
is  the  equivalent  damage  factor  large  (9.8)  but  the  amount  of  flying  is  also 
largo  (nearly  1  2^  of  all  flying) . 

From  Fig. 3  it  will  bo  observed  that  in  both  aerobatics  and  formation 
flying  the  frequency  of  counts  at  the  1.75  g  level  was  less  than  expected  from 
extrapolation  of  the  upper  curve  of  the  load  spectra.  This  probably  arises 
fi'om  a  design  characteristic  of  the  l^pe  14  meter'  which  does  not  record  a 
count  of  1 .75  g  until  tho  acceleration,  having  reached  or  exceeded  that  value, 
is  reduced  slightly  below  1  g.  Thus  under  sustained  acceleration  such  as  in 
aerobatics  or  formation  flying  the  1 .75  g  level  could  be  missed  while  higher 
levels  which  do  not  require  a  return  to  below  1  g  are  counted.  This  is  shown 
on  some  records  whore  the  number  of  counts  at  2.5  g  is  greater  than  those  at 
1.75  g>  In  a  few  isolated  flights  the  number  of  3*5  g  counts  exceeded  tho 
number  of  2.5  g  counts.  From  damage  estimates  using  the  fatigue  mober  formula, 
it  was  ooncludod  that  under-counting  at  the  1.75  g  or  2.5  g  levels  to  tho 
extent  so  far  observed  has  a  very  sm.vill  effect  on  fatigue  life  and  no  adjustment 
of  tho  formulao  is  necessary  on  this  account. 
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From  Flg.4(  in  which  the  average  fatigue  meter  load  spectrum  is  compared 
with  the  wing  test  spectrum,  it  will  be  noted  that  high  accelerations  (i.e.  4  g 
and  above)  were  applied  less  fl'equentl^  and  positive  accelerations  up  to  3  S 
more  frequently  than  allowed  for  in  the  test  spectrum.  Moreover,  downward 
accelerations  below  1  g  occurred  muoh  more  frequently  than  expected  and  this  is 
undoubtedly  due  to  the  relatively  large  amount  of  formation  and  other  low  alti¬ 
tude  flying  recorded.  At  the  time  of  the  wing  test,  there  was  insufficient 
information  available  from  Lightning  fatigue  meter  records  and  the  test  loading, 
therefore,  was  based  on  Hunter  and  Javelin  fatigue  meter  records,  on  Meteor 
V-g  records  and  on  standard  gust  data  related  to  the  Lightning  interceptor 
sortie  pattern.  Despite  this,  the  damage  rate  for  ell  the  service  flying 
combined  was  only  about  8^  more  than  the  damage  rate  estimated  for  the  wing 
test  load  spectrum  using  the  fatigue  meter  formula. 

5  StyitAWY  nv  results  AND  CQNCLUSICWS 

(l)  Load  spectra  have  been  obtained  for  various  types  of  flying  and  these 
^ve  been  conqiared  on  the  basis  of  fatigue  damage  as  estimated  by  the  fatigue 
meter  formulae  issued  for  monitoring  wing  life  usage.  Some  types  of  flying, 
notably  individual  aerobatics  and  formation  flying,  can  be  very  damaging  compared 
with  practice  interceptions  and  similar  duties.  Formation  flying  has  an 
important  influence  on  fatigue  life  usage  since  this  constituted  nearly  12^  of 
all  flying  in  the  period  reviewed. 

(ii)  When  the  average  load  spectrum  obtained  from  all  the  fatigue  meter  records 
was  compared  with  the  wing  test  spectrum,  service  flying  was  found  to  be  ^ 
more  damaging  than  the  flying  represented  in  the  test.  The  difference  is 
remarlcably  small  having  i^gard  to  the  sources  of  Information  for  the  test  load 
spectrum  and  the  variety  of  flying  carried  out  by  Lightning  aircraft. 
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/JPENDIX  1 

LIGHTNING  flSi  1  iJJD  1  A 

F/JIGUE  METER  P0RMUL;1E  FOR  DETERMINING  THE  PERCSNTytGE 
OF  WING  Lira!  USED 

Type  2D  meter  (Mean  aircraft  weight  =  31  »000  lb) 


%  life  used  =  (1 .7h  +  7.25A  +  8.1 5B  +  2.05C  +  7.6D  +  i6E  +  20F) 

where  h  =  number  of  hours  flying  in  the  period  oonsidered  and  A,  B,  C  ... 
are  the  counts  at  acceleration  levels  of  -1.5*  “0«5»  2.5*  3*5*  h-,5  and  6.0g 
respectively. 

Type  14  meter  (Mean  aircraft  weight  =  31 *000  lb) 

fo  life  used  =  (7.25A  +  6.3B  +  1 .8C  +  0.1 09D  +  2E  +  lOF  +  17C) 


where  A*  B,  C  ...  are  the  counts  at  acceleration  levels  of  -1.5*  "0«5»  0.25* 
1.75*  2.5*  5.5  and  5.0  g  respectively.  Any  counts  at  the  7,0  g  level  are 
Ignored. 
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T/3LE  1 

Lightning  E/iW  1  and  1A 
/■mount  of  flying  in  each  category 


Category  of 

No.  56  Sqdn. 

_ 

No.  74  Sqdn. 

No.  111 

Sqdn. 

Total 

fo  of 
grand 

flying 

Hoxirs 

Hours 

< 

hours 

total 

hours 

1 

P.Is. 

82:55 

6.7 

46.3 

109:20 

8.0 

965:20 

22.85 

2 

Radex 

726:45 

59.0 

0.05 

779:40 

56.9 

1507:10 

34.95 

3 

Navex 

96:10 

7.8 

61 :10 

3.55 

73:30 

5.35 

230:50 

5.35 

4 

Instru¬ 

ment 

approach 

12:05 

1.0 

66:00 

3.85 

70:05 

5.1 

148:10 

3.45 

5 

Local 

29:15 

2.4 

:50 

0.05 

11 :50 

0.85 

4l;55 

0.95 

6 

Target 

115:00 

9.35 

40:10 

2.35 

79:05 

5.8 

234:15 

5.4 

7 

Initial 

familiar¬ 

isation 

97:15 

5.7 

me 

97:15 

2.25 

8 

/dr  tost 

32:25 

2.65 

18:35 

1.1 

24:20 

1.75 

75:20 

1.75 

9 

Convex 

75:45 

6.15 

90:10 

5.25 

112:20 

8,2 

278:15 

6.45 

10 

Handling 

9:45 

0.8 

96:40 

5.65 

15:30 

1.1 

121:55 

2.8 

11 

Eormation 

31:30 

2.55 

405:15 

23.65 

74:35 

5.45 

511  ;20 

11.85 

12 

hero  8 

17:20 

1.4 

29:00 

1.7 

7:25 

0.55 

53:45 

1.25 

13 

Chase  and 
gunfiring 

2:50 

0.2 

_ 

13:30 

0.8 

13:05 

0.95 

29:25 

0.7 

1 

1  Total  hours 

1231 :45 

-  *1712:25 

I 

1370:45 

_ 

- 

4314:55 

1 
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FIG.  2.  LOAD  SFECTRA  FOR  INITIAL  FAMILIARISATION  AND  AIR  TESTS 
AND  (h>  CONVERSION  EXERCISE  AND  HANDLING. 
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